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3- Journal paper: “Nonlinear vibration analysis of a rectangular hyperelastic
membrane embedded within the nonlinear Winkler-Pasternak elastic foundation
under hydrostatic pressure, International journal of structural stability and
dynamics (revision)
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' Rubbery behavior

" Polymeric materials
" Bulk modulus

¥ Polymeric foams

® Sponges

* Compressibility
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' Glassy

" Viscoelastic

" Rubbery

¥ Glass transition temperature
® Green-Elastic

* Strain energy

¥ Cauchy
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' Vulcanization
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' Filler

" Toughness
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' Unfilled vulcanized elastomers

" Filled elastomers
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' Dielectric elastomer transducers
" Soft biomaterials
¥ Strain-Hardening

* Blood vessels
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Abstract

In this thesis, the nonlinear vibrations of a rectangular hyperelastic membrane resting on
nonlinear Winkler-Pasternak elastic foundation subjected to uniformly distributed external
pressure is investigated. The membrane is composed of an incompressible, homogeneous
and isotropic material. The elastic foundation includes two Winkler and Pasternak linear
terms and a Winkler term with cubic nonlinearity. Using the theory of thin hyperelastic
membrane assuming the finite deformations and Hamilton’s principle, the governing
equations are obtained. Also, according to the strain energy function for neo-Hookean
hyperelastic constitutive law, the kinetic energy, the work of uniform distributed force and
pressure and the effects of damping are determined. By applying Galerkin’s method and
considering the transverse displacement in one and two modes, the nonlinear partial
differential equation of motion in the transversal direction is transformed to the ordinary
differential equations. Then, utilizing the method of multiple scales, the primary and
secondary resonances for the oscillations in one and two modes are analyzed. Finally, the
effect of the various parameters such as the stretching ratios, excitation amplitude, damping
ratio, stiffness parameters of the elastic foundation, and also the detuning parameter on the
vibration behavior of a rectangular hyperelastic membrane is investigated.

Keywords: Rectangular hyperelastic membrane, Neo-Hookean constitutive model,
Resonance analysis, Nonlinear Winkler-Pasternak elastic foundation, Primary resonance,

Secondary resonance, Method of multiple scales
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